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The Fastnet storm—a forecaster’s viewpoint 


By A. Woodroffe 
(Meteorological Office, Bracknell) 


Summary 


The 1979 Fastnet Race is remembered for the exceptional weather conditions which were experienced to the south of 
Ireland and caused havoc among the competitors. The origin and development of the storm are reviewed on the basis 
of the data available at the time to the forecasters in the Central Forecasting Office at Bracknell. In particular, the 
guidance from the various numerical models is discussed, together with its interpretation by the forecasters. 


1. Introduction 


At 1230 GMT on Saturday 11 August 1979, 303 yachts sailed from Cowes, Isle of Wight at the start 
of the biennial Fastnet Race. This race, which is organized by the Royal Ocean Racing Club (RORC), 
forms part of the series of international yacht races counting towards the Admiral’s Cup trophy. The 
course takes the competitors to the Fastnet Rock and then back to Plymouth via Bishop Rock (Fig. 1). 
On the same day a small depression (identified as low LY) was centred just south of Nova Scotia and it 
was the arrival of this low over southern Ireland on the night of 13/14 August that was to have 
such dramatic and tragic consequences. During that night the competitors, who were mostly located 
between Fastnet Rock and the Isles of Scilly, caught the full force of the storm. Of the 303 starters only 
85 finished the race, 24 yachts were abandoned and 15 crew members were lost. 

Besides describing the development of the storm, this paper also discusses the basic observational 
data available at the time, the guidance from the numerical models and the forecast material which was 
actually issued. 


2. Saturday 11 August 
(a) Synoptic situation 

Fig. 2 shows the surface and 300 mb analyses for 12 GMT on Saturday 11 August, close to the time 
of the start of the Fastnet Race. A broad upper ridge was moving slowly eastwards over the British Isles 
and was associated at the surface with a good deal of warm and very moist air originating from near the 
Azores, behind the warm front WX. Ironically, the main problems worrying competitors at the start of 
the race were possible lack of wind and increasing likelihood of sea fog. A major surface low LX and its 
associated upper vortex were drifting north-eastwards to the south of Greenland whilst another vortex 
was almost stationary over Hudson Bay. On the southern flank of these two upper vortices a strong 
westerly flow was propagating forwards over the central North Atlantic with maximum wind speeds of 
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Figure 1. The course of the Fastnet Race. 


the order of 120-130 kn. Low LY, which had broken away three days earlier from a shallow area of low 
pressure over the north-western United States, was well documented at this stage. The centre was 
located 150-200 n. mile south of the jet axis and, with the vorticity advection term obviously small, its 
eastward movement at about 30 kn was mainly controlled by the thermal steering with little change in the 


central pressure. In fact some slight filling of the centre from 1002 to 1005 mb was apparent during the 
second half of Saturday. 


(b) Forecast guidance 

Numerical forecasts from the coarse-mesh (octagon) version of the Meteorological Office 10-level 
model gave consistent advice during these early stages in the life of low LY. Even the guidance pro- 
duced on Friday 10 August for four and five days ahead suggested that the depression would deepen 
later in the period as it approached the British Isles. 

On Saturday 11 August the 48- and 72-hour numerical forecasts reinforced this advice and were sub- 
sequently supported by the 500 mb products from the United States. The models showed the upper 
ridge over the British Isles declining and moving away as the strong westerly jet over the Atlantic 
extended eastwards. Numerical forecast charts for midday on the 14th indicated substantial develop- 
ment and sharpening of the upper trough associated with LY as it approached 20°W, helped by a veering 
of the flow over the western Atlantic as the upstream ridge amplified near Labrador. This is well illus- 
trated in Fig. 3(a) which shows the 72-hour forecast at 500 mb from the 10-level model, based on data 
for 12 GMT on 11 August. The corresponding forecasts of surface pressure showed LY running rather 
quickly eastwards at about 30-35 kn during the first 48 hours with no development—quite the reverse, 
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Figure 2(a). Central Forecasting Office (CFO) surface analysis for 12 GMT, 11 August 1979. 


in fact, with the 48-hour forecast for 12 GMT on 13 August giving no discrete centre associated 
with the low, merely a trough implying a wave of about 1012 mb near 48°N 30°W. However, after 72 
hours a significant change had taken place in the forecast field as the low moved into the well-marked 
diffluent area ahead of the sharpening upper trough. On the forecast chart for 12 GMT on 14 August 
(Fig. 3(b)) a separate low centre had been developed to the west of Ireland with a closed circulation and 
a central pressure of 1003 mb. 

The medium-range guidance issued on 11 August followed the general developments predicted by the 
model—not surprising in view of the plausibility and consistency of the solutions produced by the com- 
puter. The forecasters were particularly impressed by the massive upper trough generated behind LY 
on the 72-hour prognoses and the highly developmental nature of the pattern. Experience has shown 
that in this type of situation the model frequently underestimates the deepening of the associated 
surface low. Consequently, on the subjective prognoses the forecasters considerably accentuated the 
depth of the low as it moved over the eastern Atlantic, encouraged also by the rapid deepening suggested 
by the model in the latter stages of the forecast period. The 72-hour forecasts based on data for 00 and 
12 GMT on 11 August produced by the medium-range forecaster are shown in Figs 3(c) and 3(d) 
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Figure 2(b). CFO 300 mb analysis for 12 GMT, 11 August 1979. Values in geopotential metres. 


respectively. Although these charts were originally drawn at intervals of 8 mb, intermediate isobars at 
4 mb have been interpolated so that the subjective prognosis in Fig. 3(d) may be directly compared with 
the original numerical forecast (Fig. 3(b)). It is noteworthy that the central pressure of LY in Fig. 3(d) is 
about 17 mb deeper with a resultant marked increase in the pressure gradients. 

Both sets of medium-range forecasts issued on 11 August proved to be slow as far as the eastward 
movement of LY was concerned. Even so there is no doubt that they provided useful guidance and 
correctly conveyed the idea of a vigorous low with pressure gradients strong enough to produce gales or 
severe gales approaching western Ireland by early on 14 August (although the track was expected to be 
further to the north-west than actually occurred). 

Southampton Weather Centre had been asked by the RORC for an extended forecast to be prepared 
about seven hours before the start of the race. The advice included an outlook until 23 GMT on 13 
August (about the time when the first severe effects of the storm were to be felt) and was written after 
consultation with the medium-range forecaster in the Central Forecasting Office (CFO). When the 
situation was discussed the 72-hour forecast chart shown in Fig. 3(c) was still being prepared and, since 
it was thought that the main wind strength in Fastnet would develop after the end of this particular 
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Figure 3. 


(a) Octagon 72-hour 500 mb forecast for 12 GMT, 14 August 1979. Values in geopotential metres. 
(b) Octagon 72-hour surface forecast for 12 GMT, 14 August 1979. 


(c) Medium-range 72-hour surface forecast for 00 GMT, 14 August 1979. 
(d) Medium-range 72-hour surface forecast for 12 GMT, 14 August 1979. 
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forecast period, the advice issued by Southampton did not reflect the potential vigour of LY. The RORC 
made no arrangements to receive updated forecasts during the race because they had no means of trans- 
mitting the information to the competitors once they had sailed. The British national team were also 
briefed by a member of the Meteorological Office acting on a private basis. At the final briefing which 
took place shortly before the start of the race (again after consultation with CFO) the possibility was 
indicated of winds reaching gale force (Beaufort force 8) at times from Tuesday 14 August onwards. 


3. Sunday 12 August 
(a) Synoptic situation 

During Sunday 12 August developments proceeded along the lines expected earlier. Low LY con- 
tinued on a general easterly track with ship observations giving a reasonable fix on the position and 
depth, at least until midday when the centre was approximately 300n. mile east of Newfoundland (Fig. 
4). Continuity charts (Fig. 5) indicated that the system was accelerating at this stage as its track slowly 
became closer to the jet axis, the mean speed between midnight and midday being about 40 kn. There 
was still no discernible deepening and the upper trough associated with the low remained as a minor 
perturbation in the strong zonal flow. 











30" 





Figure 4. CFO surface analysis for 12 GMT, 12 August 1979. 
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(b) Forecast guidance 

The run of the numerical model based on data for 00 GMT on 12 August maintained the same general 
evolution as previous runs and the medium-range forecaster again accentuated the depth of LY on 
his 48- and 72-hour forecast charts, developing a low of 986 mb off western Ireland (12 mb deeper than 
the model). 

During the day the senior forecaster became increasingly unhappy with the detail of the numerical 
guidance as far as the 24-hour prognoses were concerned. By now low LY was just appearing on the 
forecast charts produced from the fine-mesh (rectangle) version of the model (these charts extend only as 
far as 35°W over the North Atlantic). The two versions of the model gave similar solutions, suggesting 
that LY would be near 50°N 30°W at midday on the 13th with central pressure around 1010 mb. This 
represented a slight filling of the low and an average speed of only 25 kn. Such movement appeared 
much too slow considering the streng: . of the upper flow, the recent observed acceleration of the system 
and the evidence from satellite pictures (which showed the associated cloud mass extending very quickly 
eastwards across the Atlantic). Moreover, it was expected that some deepening would be initiated as the 
low became located in an increasingly diffluent pattern on the cold side of the jet. The models had 
clearly not made the low deep enough, since even in the 12-hour forecast for 12 GMT that same day the 
central pressure was 7 mb higher than the analysed value, despite a satisfactory numerical analysis. 

In his subjective prognosis for 12 GMT on 13 August (Fig. 6(a)), the senior forecaster therefore 
deepened the low to 998 mb (12 mb deeper than the model) and moved the centre quickly east-north-east 
to near 50°N 20°W. This turned out to be close to the position suggested by the later rectangle run 
based on 06 GMT data. The main intention behind this prognosis was to portray the start of vigorous 
cyclonic development with geostrophic winds up to 50 kn round the low. In the accompanying Synoptic 
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Figure 5. Track and depth of Low LY from 00 GMT, 11 August to 12 GMT, 14 August 1979. 
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Review the comment was made: ‘Low LY is expected to start deepening substantially tomorrow as it 
engages the very cold air now extending south over mid-Atlantic’. The reference to ‘very cold air’ was 
especially pertinent since the analysed 1000-500 mb thickness values near 55°N 35°W were close to the 
25-year (1951-75) extreme minimum of 534 decageopotential metres. This had produced very strong 
baroclinicity over the central North Atlantic near 50°N and AIREPs (aircraft reports) indicated that the 
associated jet was slowly strengthening, maximum wind speeds of around 150 kn being reported by 
early on Monday 13 August. The flow pattern was in many ways appropriate to a winter situation and 
the potential was obviously there for major cyclonic development. 

Numerical guidance based on midday data received later on 12 August presented few surprises. After 
showing no development in the first 24 hours the 36-hour rectangle forecast for 00 GMT on 14 August 
(Fig. 6(b)) at last showed the low starting to deepen more noticeably. However, both the rate of deepen- 
ing and the eastward movement of the centre were about 12 hours slower than the senior forecaster’s 
prognosis which had just been issued (Fig. 6(a)). 


























Figure 6. (a) Subjective 24-hour surface forecast for 12 GMT, 13 August 1979. 
(b) Rectangle 36-hour surface forecast for 00 GMT, 14 August 1979. 


Thus, throughout Sunday 12 August the general feeling continued that LY would be a notably vigor- 
ous system as it approached Ireland, probably much more so than indicated by the models. A forecast 
prepared by Southampton Weather Centre for Offshore Instruments Ltd in connection with the Fastnet 
Race included the possibility of severe gales (force 9) on the 14th, in line with the medium-range guid- 
ance and outlooks issued from CFO. However, the shipping forecasts which were the main source of 
weather information for the yachtsmen contained no such information, since the major intensification 
of LY was expected to take place after the 24-hour period covered by the forecast. 
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4. Monday 13 August 
(a) 00-12 GMT 

When the senior forecaster came to draw the midnight surface analysis in the early hours of Monday 
13 August he was faced with a complete dearth of information in the area of the North Atlantic where 
low LY was located. No observations were available within about 350 n. mile of the estimated position 
of the centre, the nearest being from Ocean Weather Ship ‘C’ (52:7°N 35-5°W) which was outside the 
circulation of the low and gave little clue to its depth. The analysis therefore had to rely heavily on 
continuity with the centre of the low estimated at 1006 mb near 48°N 32°W. In contrast, the flow 
pattern at 300 mb (Fig. 7) was well defined by AIREPs with a maximum wind speed of 150 kn at 33 000 
feet just north-east of the estimated position of the low centre, decreasing rapidly to 40-60 kn in a classic 
left-exit region near the British Isles. 

Despite the uncertainty over the depth and exact position of LY, it was clear from satellite pictures 
that the very strong upper flow was bringing the low eastwards much faster than indicated by the model, 
as had been anticipated on the previous day. Moreover, it was considered that with the jet also propa- 
gating forwards quickly, the major development of the low would occur later and further east than 
expected previously. In his draft 24-hour prognosis for 00 GMT on 14 August, the senior forecaster ran 











Figure 7. CFO 300 mb analysis for 00 GMT, 13 August 1979. Values in geopotential metres. 
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LY quickly towards the north-west of Ireland with only slight deepening. As it happened, when the new 
numerical guidance based on midnight data was received, it supported these ideas and the forecast chart 
shown in Fig. 8 was issued with LY kept more as an open wave than hitherto. It is true, of course, that 
the numerical analysis also suffered from the lack of data over mid-Atlantic and this aspect has been 
investigated by Day (1981). However, although the initial analysis was very poor for the rectangle run, 
rectification of this for the octagon forecast did not result in any greater development. 
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Figure 8. Subjective 24-hour surface forecast for 00 GMT, 14 August 1979. 





A complex situation existed near the British Isles with the weather during the coming day expected to 
be controlled by frontal waves on the cold front CS. One particular wave which had been identified at 
46°N 20°W at 12 GMT on the 12th (Fig. 4) was moving towards south-west England and was destined 
to complicate the picture throughout the day. By the end of the night it appeared that the upper pattern 
was pushing so far eastwards that this small wave was going to be the deepener rather than low LY 
(pressure falls in the south-west approaches were then significantly larger than at Ocean Weather Ship 
‘R’ ahead of LY). 

Doubts about the surface analysis persisted through the morning, the only ship observation on the 
chart for 06 GMT closer than 400 n. mile to the low centre being that from Ocean Weather Ship ‘R’ 
(47:0°N 16:9°W). This report just ahead of the associated warm front seemed fairly innocuous with a 
surface pressure of 1013-4 mb, a falling pressure tendency of 2:2 mb in three hours and a wind of 210°, 
16 kn. Satellite pictures helped to estimate the centre of the low near 49°N 25°W and, with no evidence 
for any significant deepening, the story followed the general lines adopted overnight. 

In the late morning the surface analysis was reviewed when some delayed ship observations for 06 
GMT were received. Amongst these (see Fig. 9) was an observation from the Panamanian-registered 
Carmelita (call-sign 3EJE) giving the first report of a gale and suggesting some deepening of the low. 
For clarity only the coded pressure and wind have been plotted in Fig. 9. However, just 40 n. mile to the 
north-west of this ship was another observation from the British vessel Resolution Bay (call-sign GXEV) 
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with a wind of only 18 kn and a slightly higher pressure. Resolution Bay is a ship noted for the excellent 
quality of its observations and the 06 GMT analysis was subsequently revised accepting its observation 
rather than that from the Panamanian vessel. Thus, only very slight deepening of LY was diagnosed 
although it was clear that further acceleration of the system had occurred overnight, the mean speed of 
movement of the low in the 12 hours up to 06 GMT being about 50 kn! 














Figure 9. Finalized CFO surface analysis for 06 GMT, 13 August 1979. 


(b) 12-18 GMT 

Around midday, the pressure falls at Ocean Weather Ship ‘R’ which had averaged a modest 2 mb in 
three hours for most of the morning suddenly accelerated to 5 mb in three hours with an equally abrupt 
increase in surface wind from around 20 to 31 kn between 11 and 12 GMT. In addition, the rectangle 
forecast received in the early afternoon, based on 06 GMT data, indicated rather more development of 
LY than the run based on midnight data with the 30-hour forecast (Fig. 10(a)) showing a low of 996 mb 
near eastern Scotland. Comparison of the 6-hour forecast with the current midday analysis revealed that 
the model already had the low much too shallow. The apparent discrepancy was around 10 mb, arising 
partly from errors in the analysis (3 mb) but mainly from spurious filling of the low in the early stages of 
the forecast. Again there was some uncertainty over the exact position and depth of the low on the 
midday analysis, with no ship reports closer than about 180 n. mile to the estimated position of the 
centre. However, the evidence that the model had probably underestimated the development of LY, 
combined with the increasing wind and pressure falls at Ocean Weather Ship ‘R’, encouraged the senior 
forecaster to make the low a much more vigorous feature on his 24-hour forecast for 12 GMT on 
14 August (Fig. 10(b)). This was the first prognosis produced on Monday 13 August which correctly 
developed very strong pressure gradients around LY as well as keeping it on a track over southern 
Ireland. 








Meteorological Magazine, 110, 1981 























Figure 10. (a) Rectangle 30-hour surface forecast for 12 GMT, 14 August 1979. 
(b) Subjective 24-hour surface forecast for 12 GMT, 14 August 1979. 


With the wind at Ocean Weather Ship ‘R’ continuing to increase to 40 kn, it was now clear that the 
low was starting to slow down and deepen. The Synoptic Review issued at 1525 GMT added the further 
qualification: ‘With LY now engaging the cold trough at 30°W considerable deepening is now expected. 
... Winds are now expected to be even stronger than indicated on the 1200 prognosis’. The TIROS N 
satellite picture received in the late afternoon (Plate I) gave further evidence that LY was deepening. 
The cloud was developing a marked ‘comma’ shape indicating increased circulation, with signs of a 
significant trough already forming in the cold air. 

The finalized CFO surface analysis for 12 GMT on 13 August (Fig. 11) differed little from the prelim- 
inary drawing, none of the late ship reports being in a position to help define the centre of the low better. 
However, inspection of the tracking in Fig. 5 suggests that the centre may well have been slightly further 
to the south-west as it entered the deepening stage and slowed down. The wind, coded pressure value and 
tendency are plotted in Fig. 11 for a selection of key observations. In retrospect, the outstanding im- 
pression is how ordinary the low looked at that time with only one report of a gale and generally light 
or moderate winds in Fastnet and to the south-west of Ireland. Pressure tendencies were by no means 
exceptional; indeed by 15 GMT pressure falls over the southern Irish Sea ahead of the developing wave 
on cold front CS were larger than those in south-west Ireland (3-3 mb in three hours at Valentia). So 
even after the event it is difficult to isolate any features on the surface charts which should have given 
firm warning of such explosive development as actually occurred. Lack of ship reports near the low 
centre at the crucial time meant that the only real clue lay in a qualitative assessment of the upper pattern 
(which, as stated before, was exceptionally favourable for cyclonic development). Further guidance 
from the numerical model was not available during the afternoon, owing to the breakdown of both the 
IBM 360/195 and 370/158 computers, which also disrupted the supply of plotted charts to CFO. 





To face page 282 


; 


re 
oft 


", 


Sa PM alll 


Plate I. TIROS N visible satellite picture received on the afternoon of 13 August 1979. 
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Figure 11. Finalized CFO surface analysis for 12 GMT, 13 August 1979. 
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(c) 18-24 GMT 

During the early evening of 13 August, steadily accelerating pressure falls over south-west Ireland 
confirmed the vigorous nature of the low, although similarly increasing falls were also evident ahead of 
the developing wave on the cold front CS as it moved northwards over the Irish Sea. This wave was still 
occupying some attention from the senior forecaster, since by now it was associated with a broad area of 
moderate or heavy rain and the need for FLASH messages was being actively considered. 

With the computer complex now back in service, new guidance from the fine-mesh model was received 
around 20 GMT confirming what was already apparent, namely that LY was going to deepen sub- 
stantially. However, even at 2015 GMT when the senior forecaster came to draw the 18 GMT surface 
chart, the analysis was still in doubt. Fig. 12 shows that the three ship reports closest to the low centre 
(call-signs KGCW, DSMI and UITO) had pressure values which almost certainly were wrong or in- 
correctly coded. Without knowing this, it was possible to draw the low as a much shallower feature but 
then no satisfactory explanation could be given for the very strong winds reported from ship KGCW 
(55 kn) and Ocean Weather Ship ‘R’ (40 kn). The most likely solution appeared to be that the pressure 
reports from ships KGCW and DSMI had been erroneously coded in whole millibars. The resultant 
analysis produced in CFO that evening was very similar to Fig. 12 which was constructed by Painting 
(personal communication) after the event using all available data. The low had deepened, therefore, by 
around 12-13 mb between midday and 18 GMT, an exceptional rate of development for August, whilst 
its speed of movement had halved to about 25 kn. In the Synoptic Review issued at 2235 GMT, con- 
siderable stress was placed on the strength of wind to be expected in the unstable westerlies on the 
southern side of the low (particularly in gusts); in addition, a warning was sent to Ministry of Defence 
Headquarters of severe weather conditions (heavy rain and severe gales) which might call for military 
aid to the civil community. 
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Figure 12. Retrospective surface analysis for 18 GMT, 13 August 1979. 


5. The storm 


Figs 13 and 14 show the retrospective surface analyses constructed by Painting for 00 and 06 GMT on 
14 August, spanning the period when the majority of the race competitors thought the weather was at its 
worst. It is outside the scope of this paper to attempt any detailed analysis of the climatological aspects 
of the storm. However, a few points are worth noting to put the occasion in perspective. 

As shown in Fig. 13 the strongest winds were undoubtedly located in the unstable westerly flow behind 
the trough extending southwards near 9°W. Painting’s investigation concluded that storm-force winds 
with very high seas reached Fastnet Rock just before 23 GMT on 13 August and spread rapidly east- 
wards across the race area during the next three hours. He estimated mean wind speeds reaching 
50-55 kn with gusts up to 68 kn (the upper reaches of force 10) and waves as high as 15 metres at times. 
Another important point to come out of Painting’s work was the sudden veer and abrupt increase of 
wind which occurred with the passage of the trough, accompanied by enhanced gustiness and very high 
seas. This may well explain why the majority of race competitors estimated the wind speed as force 11 or 
more. The report prepared for the Royal Yachting Association and the RORC (1979) pointed out that 
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Figure 13. Retrospective surface analysis for 00 GMT, 14 August 1979. 


the rapid wind veer would result in wind and waves coming from different directions, making condi- 
tions particularly difficult during the hours of darkness. Apparently many experienced competitors 
stated that the wind strength was not unusual but the sea conditions were the most dangerous they had 
ever experienced. 

The storm went on to cause considerable damage over land during the day, especially in Wales and 
the west Midlands where many roads were blocked by fallen trees and camping sites were devastated. 
The highest steady wind speed reported at a land station was 50 kn from Mumbles in South Wales at six 
consecutive hours from 06 to 11 GMT. Many stations inland over England and Wales had gusts of 
50 kn or more, several places recording their highest gust speed for any August. The maximum gusts 
reported were 65 kn at Milford Haven and 74 kn at Hartland Point, although the latter must be treated 
with some reserve because of its peculiar exposure. However, the belt of exceptionally strong winds was 
of very limited lateral extent since, as pointed out by Littlejohns (personal communication), many 
stations in south-west England and southern Ireland did not even report a mean wind of as much as gale 
force (although gusts between 43 and 50 kn occurred widely). 
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Figure 14. Retrospective surface analysis for 06 GMT, 14 August 1979. 


During Tuesday morning the low turned on a more northerly track and became complex with a second 
centre developing off eastern Scotland. This was another surprising feature of the storm, viz. despite the 
massive deepening which occurred there was no major deviation of the track to the left until after 06 
GMT on 14 August (presumably because of the resistance of the very strong upper flow to buckling). 
Although the storm was unusually severe for August it was not without precedent. Painting (personal 
communication) has noted a depression of amazing similarity which also moved across southern 
Ireland, on the night of 15/16 August 1970, and gave severe gales in many parts of the British Isles. 


6. Conclusions 


(a) Guidance for 48 and 72 hours ahead from the 10-level model gave firm indications that low LY 
was likely to deepen as it approached western Ireland, although the surface pressure forecasts seriously 
underestimated the amount of deepening by 20-25 mb. 

(b) The medium-range forecasters made substantial improvements to the numerical guidance, 
deepening the low by an extra 12-17 mb, thereby indicating a distinct possibility of gales or severe gales 
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in the Fastnet area. This was an outstanding example of the contribution that the forecaster can still 
make to the so-called ‘man-machine mix’. 

(c) Retrospective analysis of the storm indicates that the belt of exceptionally strong winds (force 9 or 
more) was of very limited lateral extent, probably of the order of 100 miles wide. Bearing in mind the 
grid length of the model and the enormous distance travelled by the low, it would appear unrealistic at 
present to expect reliable medium-range forecasts of the development and location of such features. 

(d) Fine-mesh forecasts for 24 and 36 hours ahead failed to give advance warning of the sudden 
deepening and exceptional vigour of the low. Forecasts of the depth of LY at the peak of the storm were 
generally in error by 20 mb or so (even if we exclude the run from 00 GMT on 13 August which was 
affected by a very poor analysis). 

(e) Twenty-four hour subjective forecasts for the period when the storm was at its height showed some 
improvement over the corresponding fine-mesh product. Nevertheless, forecast winds in the race area 
were underestimated at this stage. 

(f) Although it was recognized that conditions were generally very favourable for cyclonic develop- 
ment, the short-term assessment of the timing and magnitude of the deepening proved much more diffi- 
cult. Apart from the complications introduced by the forward wave in the South-west Approaches, the 
lack of and discrepancies between observations near the low centre undoubtedly delayed recognition of 
the start and the rapidity of the major deepening. This case-study clearly demonstrates the vital import- 
ance of reliable and correctly coded ship observations, even in this era of computers and satellite data. 
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Comparison of wind speeds recorded by pressure-tube and Meteorological 
Office electrical cup generator anemographs 


By S. G. Smith 
(Meteorological Office, Bracknell) 


Summary 

The electrical cup generator anemograph has replaced the pressure-tube anemograph as the most commonly used 
instrument for recording winds for climatological purposes in the United Kingdom. The Climatological Services 
Branch of the Meteorological Office has been concerned that records might not be homogeneous from stations where a 
change of anemograph has taken place. This paper discusses some of the characteristics of the anemographs and the 
problems of wind speed estimation. Values of 10-minute and hourly mean speeds at five United Kingdom stations are 
used to compare observations from the two instruments. A procedure for adjusting wind speed data is also given to 
improve the homogeneity of speeds measured by the different anemographs. 


1. Introduction 


Before 1955, climatological tabulations of wind speed observations in the United Kingdom (UK) 
were made using the pressure-tube anemograph (PTA). Since then this instrument has gradually been 
superseded by the electrical cup generator anemograph (CGA) which is easier to install and maintain as 
well as being more suited to requirements for remote and multiple displays. Any discrepancies between 
the anemograph observations may be unimportant for synoptic work since wind speed can vary con- 
siderably over short distances and on small time-scales. However, for climatological applications small 
but systematic differences of only 1-2 kn may be significant. 

Before the acceptance of the CGA for climatological purposes, Hartley (1955) stated that for daily 
averages of hourly mean speeds recorded by a PTA and Mk Ib CGA at South Farnborough the two sets 
of readings showed ‘close agreement’. In contrast, work by Rijkoort (1955) revealed systematic differ- 
ences between hourly means recorded by a PTA and a cup anemometer. Since then it has been the 
opinion of the Climatological Services Branch that the CGA gives higher mean speeds than the PTA. 
Despite many discussions between the climatologists and instrument specialists, the question of homo- 
geneity has never been conclusively resolved. This is partly because, apart from the comparison at 
South Farnborough (which involved a different version of the CGA from that in general use since 1955), 
no other record exists of observations made in the UK by a co-located PTA and CGA. The analysis 
described later, therefore, uses data from five stations where a CGA replaced a PTA but without a 
change of site. Ten-minute and hourly mean speeds are considered. 


2. Measurement of wind speed 
2.1 The anemographs 

2.1.1 Pressure-tube anemograph. The pressure-tube anemograph (PTA) is basically an adaptation of 
the pitot-static tube with a chart recorder attached to a sensitive float manometer. It is described in the 
Handbook of meteorological instruments, part 1 (Meteorological Office 1956), and by Giblett (1932), who 
also gives details of wind trial experiments carried out with PTAs at Cardington. 

The starting speed of the instrument is about 1-5 kn and its chart has a linear scale throughout the 
range of recorded speeds. At low speeds its response time is significantly less than that for cup anem- 
ometers. Nevertheless, Wieringa (1980a) states that, owing to the response lag, the PTA tends to 


overestimate the mean speed in fluctuating speeds by about 5%. This feature is not mentioned in the 
references given above. 
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2.1.2 Electrical cup generator anemograph 

(a) General. The electrical cup generator anemograph (CGA) uses the rotation of its cups to generate 
an electrical current. Wind tunnel calibration enables wind speeds to be derived from measurements of 
the current. The anemometer, as distinct from the anemograph (which is taken to mean the anemometer 
and associated chart recorder), is also described in part I of the Handbook of meteorological instruments. 
Three versions of the CGA have been used for obtaining climatological tabulations in the UK—the 
Mk 2, Mk 4 and Mk 5. Hartley (1955) describes the Mk Ib and Else (1974) describes the Mk 5. Pearce 
(Meteorological Office, private communication) has investigated the response characteristics of the 
Mk 4 and Mk 5. 

This paper will present results for a comparison of the PTA with the Mk 2 and Mk 4 CGA. Both 
these CGA versions have charts whose scale is markedly non-linear for low wind speeds and the instru- 
ments have starting speeds between 5 and 6 kn, i.e. a speed of this magnitude is required to start the 
cups rotating from rest. The cups of the Mk 2 have greater inertia than those of the Mk 4 and there is a 
number of less important differences between the instruments. However, those who have had substantial 
working experience of the anemographs believe that observations from them are compatible. The Mk 5 
CGA has now been installed at several stations in the UK. This has a starting speed about 2 kn less 
than the earlier versions, its chart is linear for all ranges of speed and its mode of operation is slightly 
different from that of its predecessors. Further work may therefore be required in the future to deter- 
mine whether Mk 5 observations are consistent with those from the Mk 2 and Mk 4. 


(b) Overestimation error. Cup anemometers, and hence CGAs, would be expected to give an over- 
estimate of the wind speed in variable winds because the cups accelerate more quickly than they deceler- 
ate. This is due to the variation in drag characteristics between the convex and concave faces of the cups, 
leading to a non-linear relationship between wind speed and turning moment of the cup system. 

A number of workers have derived values for the magnitude of the overestimation error. For 
example, Izumi and Barad (1970) deduced the error to be about 10%, based on observations from a 
lattice-type tower in Kansas, although Wieringa (1980b), in a re-evaluation of the results, suggests this 
figure should be nearer 6%. Other researchers, using theoretical as well as empirical approaches, have 


obtained estimates which vary considerably. In this context, Kaganov and Yaglom (1976) give a useful 
review of the literature. 


2.2 Practical difficulties 

Wind speed can vary considerably in space and time. The site and height of the anemometer and 
response time of the anemometer and recorder are therefore important factors in the estimation of a 
representative wind speed. Other factors include the data-averaging procedure employed and the 
sensitivity of the instrument to relative wind direction; these points are discussed by MacCready (1966). 
Instrument faults can often be hard to detect and it is possible that systematic variations exist in recorded 
speeds by anemometers of the same type and version (Bond, private communication). 

The mean speed has to be visually estimated from a dial or chart. This can be difficult, especially in 
gusty conditions or when the background mean speed is changing. Mean speeds in light winds are 
particularly difficult to measure because: 

(a) Anemometers, in general, are not designed to record very low speeds accurately. For example, the 
starting speed may be substantially above zero and for a cup generator system magnetic drag effects are 
significant at low speeds. 

(b) For the anemographs, if the zero setting of the charts is incorrect, the resultant error at low speeds 
is large in percentage terms. 
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(c) The majority of CGAs employed so far in the UK (namely the Mk 2 and Mk 4) have a chart which 
is highly non-linear in the 0-10 kn range. Fig. 1 shows a wind speed trace from a Mk 4 CGA. 

The above points should be borne in mind for the comparison study of wind speeds which will now be 
described. 


3. Stations and data 


3.1 Stations 

Most stations that have replaced a PTA with a CGA also changed their anemometer site at the same 
time. Data from these stations were considered unsuitable for study. Five stations, referred to as change- 
over stations, were selected at which there was no more than | m change in anemometer height and no 
change of site. These are listed in TableI. All are located at airfields in reasonably flat and open country. 
The heights above ground of the anemometer cups range between 9 m and 21 m. For each changeover 
station a control station was chosen, situated as near as possible to the changeover station and whose 
data were considered to be homogeneous around the time of the changeover. These are also listed in 
Table I. For long-period comparisons of the wind speeds two other control stations were used—Kew 
and South Shields. Both these stations have had PTAs since records began and no reported site changes 
after 1950. The locations of the changeover and control stations are shown in Fig. 2. 


Figure 1. Example of a wind speed trace recorded on a chart used in conjunction with a Mk 2 and Mk 4 anemograph. 


Table I. Changeover and control stations used in the analysis 


Changeover station Control station 
Name Date of changeover Name 


Boscombe Down 23 June 1964 Abingdon 

South Farnborough 6 February 1964 Heathrow 
Abingdon 8 January 1964 Boscombe Down 
Valley 22 April 1963 Speke 

Kirkwall 15 March 1962 Wick 
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3.2 Data 

All ranges of wind speed have been included in the analysis. Although the accuracy of estimated 
speeds below about 5 kn is low, for the reasons already outlined, they have not been omitted. If system- 
atic differences between the anemographs do occur in the 0-5 kn range, which contains a significant 
proportion of recorded speeds in the UK, then the long-term mean difference for all wind speeds would 
be considerably modified. However, the nature of the estimation procedure for these low speeds means 
that any differences in this range may not be directly associated with the anemometers. 

Results of the analyses are presented in section 4. In sections 4.1 and 4.3 hourly mean values are used 
and PTA speeds are compared with Mk 2 and Mk 4 CGA observations over relatively long time periods. 
Section 4.2 relates to 10-minute means and compares PTA and Mk 2 CGA speeds over shorter periods 
of time. 
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Figure 2. Location of stations used in the comparison. 
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4. Analysis and results 


4.1 Annual averages 

Annual averages of hourly means are readily available from 1956 onwards. These values have been 
plotted in Fig. 3 for the three changeover stations found to give the greatest difference between CGA and 
PTA annual averages. Values are also shown for a control station, Kew. The plots for the changeover 
stations strongly suggest that the introduction of the CGA has caused a discontinuity in the time series. 

For each changeover station, means of the annual averages were calculated for the PTA and CGA 
periods separately, ignoring years in which the changeover took place. Means were also determined for 
Kew and South Shields over the corresponding periods. The relative wind speed change at the change- 


over station, V’, was calculated as 


y= (Vic a Voc) aa (Vup —Vop), 
where V represents a mean of the annual wind speed averages, H and O denote cyyangeover and cOntrol 
station values respectively, and C and P indicate CGA and PTA periods respectively. 


O Feb— year and month of change to CGA 


(a) Boscombe Down 





(b) Valley 


Wind speed (knots) 


new site 


(c) South Farnborough 


(d) Kew (PTA throughout) 


L i i | i | | | 1 | 1 | 
1956 58 60 62 64 66 68 70 72 74 76 78 


Year 





Figure 3. Mean annual wind speed at three changeover stations (a, b and c) and one control station (d). 
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Results for each combination of changeover and control stations are shown in Table Il. The CGA 
values are seen to be more than | kn greater than PTA means at four of the five stations (cols 10 and 11). 
Values of ‘Student’s’ ¢ were calculated for V’ to determine the statistical significance of the differences 
(see Appendix). They were found to be highly significant for all but Kirkwall and Abingdon when 
South Shields was the control. With Kew as the control, all stations except Abingdon gave a signifi- 
cant or highly significant result. The mean of V’ over all five changeover stations is about 2 kn. 


Table I. Averages of annual mean hourly speeds (knots) for PTA and CGA periods (numbers rounded to 
one decimal place) 


Relative changeover t values and their 
: CGA-PTA differences station differences probabilities of occurrence 
PTA period averages CGA period averages (4)-(1) (5)-(2)_ (6)-(3) ()(8)  (7)-(9) by chance 
Changeover (1) (2) (3) No.of (4) (5) (6) No.of (7) (8) (9) (10) 11) (12) (13) 
Station CS kK _ SS years CS K__ SS years cs K Ss K SS 
Boscombe 
Down 85 75 92 7 10:2 7:3 92 13 1:7 —0-2 0-0 1-9 1-7 79 (<O0-1%) 44(<0-1%) 


South 
Farnborough 5-7 7:7 9:2 90 76 91 4 3-3 —01 3-4 3-4 79 (<0-1%) 11-4 (<0-1%) 


Abingdon 77 76 92 77 #73 #91 M1 00 —03 0-3 0-1 15(>5%) 06(>5%) 
Valley 11:0 7:7 92 13-9 7:3 92 14 29 —0-4 ; 3-3 29 9-1(<0-1%) 63(<0-1%) 
Kirkwall 12-1 74 88 4 136 7:3 92 15 1-5 —01 . 1-6 1-1 25(<5%) 1:6(>5%) 
Key to headings in Table: CS = changeover station, K = Kew, SS = South Shields. 


4.2 Observations at three-hourly intervals 

Comparisons were next made between 10-minute mean speeds recorded at each changeover 
station and its control station both before and after the changeover. For reasons of convenience and 
availability of homogeneous control data, 167 days of observations made at three-hourly intervals were 
used for the PTA and CGA periods, a totai of 1336 observations in each period. The relatively short 
comparison period ensures that factors such as gradual changes in exposure do not affect the analysis. 
A complete year of observations before and after the changeover was also analysed for Kirkwall and it 
was found that differences between the results for 167-day and one-year periods were negligible. It is 
therefore concluded that using periods of less than a year (i.e. less than the period of the annual cycle) 
has not distorted the results. 

4.2.1 Histograms. Histograms were drawn of recorded speeds at the changeover and control stations 
before and after the changeover. Those for South Farnborough and Heathrow are shown in Fig. 4. 
Two features common to most of the histograms were: 

(a) Tendencies for certain speeds, such as those that are a multiple of 10, to receive higher counts 
than adjoining values. Observer bias in recording wind speed has been documented by Reed (1978). 

(b) Fewer observations at the changeover stations in the 1-3 kn range (1-4 kn at South Farnborough) 
for the CGA compared to the PTA. 

4.2.2 Changes in frequency distribution. The relative percentage frequency change, F’(i), between the 
CGA and PTA periods at the changeover stations was calculated for different wind speeds, V;, where 


F(i) _ {Fuc(i) sian Foc(i)} — {Fur(i) a Fop(i)}; 


with F(i) representing a percentage frequency of occurrence at speed V; and the subscripts having the 
same meaning as defined earlier. 
Values of F’(i) are shown in Fig. 5, where a positive result implies a larger number of CGA speeds at 
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Figure 4. Histograms of wind speeds at South Farnborough and Heathrow. 


the changeover station relative to frequency changes at the control station. There are fewer CGA 
observations in roughly the 1-3 kn range. Except at South Farnborough, the number of calms is also 
less for the CGA, which is rather unexpected in view of the CGA’s relatively high starting speed. The 
frequency of CGA readings is generally greater for speeds between 5 and 7 kn and between 11 and 12 kn. 

Values of F’(i) were also plotted (but not shown) for hourly mean speeds at Boscombe Down and 
Valley. Results were similar to those obtained for 10-minute means although the numbers of 1-3 kn 
CGA speeds were even less than those observed for 10-minute means. 

4.2.3 Changes In speed. It was considered worth while to determine the difference between the CGA 
and PTA observations for individual wind speeds. To achieve this, cumulative frequency histograms 
(i.e. plots of the number of observations less than or equal to each recorded speed) were drawn for the 
changeover and control stations before the changeover and after the changeover. The method is 
illustrated in Fig. 6. For each speed V; between 0 and 20 kn at the changeover station the difference in 
speed S};o({i) between the two curves was estimated for the PTA period and for the CGA period. (By 
subtracting the values of S,; o(i) from the observations at the changeover station the distributions at the 
two stations would be made more compatible.) The difference between the sets of S,;_o(i) values from 
the CGA and PTA periods was then obtained, giving 


S'(i) = {Sucli) — Socli)} — {Sup() — Sori}. 


where the two expressions in brackets are S};¢(i) for the CGA period and PTA period respectively. 
S’(i) can be interpreted as the difference in speed at V; kn between the CGA and PTA. Plots of S’(i) 
are displayed for each changeover station in Fig. 7. Positive values indicate a relative increase in CGA 
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Figure 5. Relative percentage changes in frequency for different wind speeds. 
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speed. Most of the differences are positive, with the largest values occurring at the lowest speeds. 
Averages of S’(i) over all five stations are also presented in Fig. 7. The graphs suggest that the CGA 
reads higher than the PTA by amounts ranging between about 2 kn at the lowest speeds to nearly zero 
at 15-20 kn. The large difference for the low speeds results from the few CGA speeds recorded in the 
1-3 kn range. 


4.3 Monthly extremes 

It was not feasible to compare speeds above 20 kn in the 167-day period analysis because there was an 
insufficient number of observations. Therefore, to investigate these higher speeds a comparison was 
made between extreme hourly mean speeds recorded each month by the PTA before changeover and by 
the CGA after changeover. For each changeover station the highest speed was extracted for each 
‘winter’ month from November to March such that, where possible, 50 values (i.e. about 10 winters) 
were obtained for immediately before the changeover and 50 immediately following. (Non-avail- 
ability of suitable data limited the number of observations used from South Farnborough and Kirkwall 
to 27 and 24 in each period respectively.) The same procedure was performed for the summer months of 
June to August using a maximum of 33 extremes, although only 15 were available for South Farn- 
borough and Kirkwall. 

The extremes were plotted on extreme-value probability paper separately for each station and for 
each season. The plot for Boscombe Down winter months is shown in Fig. 8. It is observed that for a 
specified probability of occurrence the speed given by the CGA curve is about 2-4 kn more than the 
corresponding PTA value. 

Results for all changeover stations are presented together by estimating, for various probabilities of 
occurrence, the difference between CGA and PTA values from the extreme-value curves. The confidence 
limits on these curves are considerably greater at both tails and hence values were not obtained for 
probabilities where fewer than three observations lay above or below the line. The estimated differences 
are shown in Fig. 9. Most of the values are positive, again indicating that the CGA reads higher than 
the PTA. The average difference is about 1-2 kn and this appears to vary little with speed. No reason 
could be established for the apparent anomalous results for Abingdon, or at Kirkwall for speeds below 
40 kn in winter. 

Similar plots were also derived for the control stations Kew and South Shields to verify that the 
observed differences were not due to secular changes in the pattern of wind speeds. It was concluded 
that the differences did not arise from such a change. 

It should be pointed out that the differences in hourly mean speeds for the 15-25 kn range (Fig. 8) 
appear rather higher than might be expected from the results for speeds between 15 and 20 kn in the 
10-minute mean analysis (Fig. 6). Further investigation revealed that mean differences between the 
CGA and PTA over the 167-day period were about 0-5-1-0 kn greater for hourly means compared to 
10-minute means. There is also a relatively high uncertainty about the results for these particular ranges 
because they lie towards the tails of their respective distributions. 


4.4 Possible explanation of results 

An increase in CGA speeds over PTA values has been found, more especially for (2) speeds below 
about 8 kn and (b) speeds above about 20 kn. It is probable that the latter is the result of the over- 
estimation error of cup anemometers discussed in section 2.1.2. This may also in part account for (a) 
but another possible cause arises from the non-linearity of the CGA chart. Observers or tabulators 
determining the hourly speed when it is in the 1-3 kn range may, on some occasions, have inadvertently 
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Figure 6. Illustration of method used to determine changes in speed. 
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Figure 7. Difference between CGA and PTA speeds relative to control station values. 
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Figure 8. Plots of cumulative probability of occurrence in each period against highest speed for winter months at 
Boscombe Down. 


ascribed such speeds to values between 5 and 7 kn. It is of note that the instructions for the analysis of 
such anemograph records do not mention the effects that the non-linearity of the chart can have on the 
estimation of wind speed. 

It was also noted that in general there were fewer calms tabulated from CGA records despite its 
higher starting speed. It is Meteorological Office practice to record a non-zero speed if the wind direction 
trace fluctuates even when the speed trace registers a calm. Because of its construction and mode of 
operation, the CGA vane is probably more responsive to changes of wind direction in light winds than 
its PTA counterpart. If this is so, it may account for the reduction in the number of calms recorded 
by the CGA. It should also be pointed out that when the above conditions occur the speed is assumed 
to be 1 kn for the PTA and 2 kn for the CGA. This difference, however, is not thought to have 
affected the results significantly. 


5. Conclusion 


Results presented in this paper indicate that mean speeds derived from the Meteorological Office Mk 
2 and Mk 4 electrical cup generator anemographs (CGA) exceed those obtained from the pressure-tube 
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Figure 9. Differences between CGA and PTA speeds for winter and summer months at the five changeover 
stations. 


anemograph (PTA) by 1-2 kn, with the greatest differences occurring at speeds below 8 kn and above 
20 kn. It is considered that the differences for the low speeds are mainly due to observer error whereas 
those for higher speeds are a consequence of the inherent tendency for cup systems to overestimate the 
wind speed in variable winds. 

In most cases where a PTA has been replaced by a CGA the site has changed and it is quite possible 
that this would have a greater effect on the recorded speeds than would the instrument change. How- 
ever, to remove the effect of instrument variation it is proposed that, for analyses involving observations 
from the Mk 2 or Mk 4 CGA and the PTA, PTA readings should be increased by the following amounts: 


(24 — x)/12 for x <15 kn 
and x/20 (i.e. 5%) for x >15 kn, 


where x is the PTA reading. This adjustment is equivalent to, for example, adding 2 kn to PTA speeds 
at 0 kn, 0-75 kn at 15 kn and 1-5 kn at 30 kn. 

The following points are also noted: 

(a) Results in this paper for speeds above 20 kn suggested a constant absolute difference between 
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anemographs rather than a percentage difference. However, the latter is more reasonable on physical 
grounds and follows the findings of other workers on the overestimation error of CGAs. 

(b) Non-integer speeds are introduced by the adjustment but values could be rounded to the nearest 
knot if desired. No speeds below 2 kn are obtained although it is unlikely that this would be important 
for most climatological applications, provided that the mean was acceptable. If necessary, a random 
number generator could be used to assign 0 and 1 kn PTA speeds to values between 0 kn and, say, 4 kn. 

(c) It is emphasized that the adjustment relates to readings derived from PTA and CGA charts. It 
may not be valid for speeds recorded by other indicators. 
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Appendix 
Calculation of values for ‘Student’s’ t (section 4.1) 
The value calculated for each station pair and shown in columns 12 and 13 of Table II was 
cccuelltl 
"~ s(1/np + 1/ne)}, 
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where ¢,, is the t-statistic with degrees of freedom n = np + ne — 2, mp and ne are the numbers of years 
comprising the PTA and CGA periods respectively, 


lV = (Vc fos Voc) ong (Vup Sit Vop)l, 
and s* is a pooled variance of the differences in the means: 


an (np —_ 1)sp? oh (nec — 1)s¢? 


Np + Me — 2 





with (mp — 1)sp? = 3 {Vup(t) — Vop(t)}? = md {Vupl(t) — vot) 
t=] t=] 


and similarly for s,*. 


Award 


We note with pleasure that the twenty-sixth International Meteorological Organization (IMO) Prize has 
been awarded to Professor Bert Bolin, Director of the International Meteorological Institute in Stock- 
holm. Professor Bolin, one of the world’s leading experts in meteorology, has carried out reseaich in the 
fields of dynamical meteorology and numerical prediction, and latterly in atmospheric chemistry. From 
1965 to 1967 he was Scientific Director at the European Space Research Organization, and from 1969 to 
1971 he was first chairman of the WMO/ICSU Joint Organizing Committee for the Global Atmospheric 
Research Program. 


Correction 


The article on ‘Lightning fatalities in Singapore’ by Pakiam et al. (Meteorol Mag, 110, 1981, 175-187) 
contained a number of errors. 

Page 179, section 7, line 1. For ‘47’ read ‘54’. 

Page 183, 4th line after Table VI. For ‘28’ read ‘29’. 

Page 183, Table VII. The Table as printed was incorrect and should have read as follows: 


Table VII. Recreation|Work ratios for 1965-72 and 1972-79 


Work Recreation Indefinite 
Percentage Percentage Percentage Total Recreation/ 
Period No. of total No. of total No. of total No. Work ratio 
1965-72 16 62 7 27 3 11 26 0:44 
1972-79 13 42 10 32 8 26 31 0°77 


The total number of deaths (57) exceeds that of Table IV by 3 because of the addition of 2 deaths with no 
circumstances available, and the overlap in 1972. 
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Page 184, Fig. 8. The wrong figure had been supplied by the authors. The correct one is as follows: 
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Figure 8. Relationship between lightning fatalities and elevations. 


Page 187, Conclusion 6. The two percentages (33% and 67%) should be interchanged. 
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